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The Usefulness of Achilles Tendon Length in Predicting
Jump Potential in Male Collegiate Basketball and Track &
Field Athletes
Mohammad Alrefai, Richard Claytor & Brianna New
Department of Kinesiology
Abstract – Tendon mechanical properties and
composition allow them to play a role in force
production. One such tendon, the Achilles tendon, is
the thickest and strongest tendon in the body and has
been studied sparsely in regard to resting length and
vertical jump performance. PURPOSE: To
determine the correlation between Achilles tendon
length (ATL) and vertical jump output. METHODS:
Twenty-one males (19.33±1.39 years, 78.48±10.31
kg, 183.43±7.33 cm) were recruited from UAH
men’s track & field and basketball teams. Participants
were scheduled a one-time session consisting of
anthropometrics, ATL measurement, and vertical
jump assessment. The ATL measurement was
performed bilaterally by having the participant lay in
the prone position on a table with their shoes off and
leg flexed. The researcher added resistance to the
plantar flexed foot for observation of the tendon.
ATL was measured from the calcaneal tuberosity to
the insertion on the gastrocnemius. ATL was reported
as the mean of the bilateral measurements. Vertical
jump height was assessed for standing jump and
running countermovement jump using a vertical jump
testing device. Participants completed two trials for
both jumps, and a third trial was taken if necessary.
Pearson’s r was used to calculate correlation and
significance was set at p≤0.05. RESULTS: A
significant moderate-to-large positive correlation was
found between ATL and standing vertical jump
(r=0.433, p=0.0497). A non-significant, low
correlation was observed for ATL and running
vertical jump (r=.284, p=.2126). CONCLUSION:
The positive relationship between ATL and vertical
jump performance shows a potential tool in
predicting jump potential.
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I. Introduction
Tendons are the attachment between muscle
and bone (Lichtwark & Wilson, 2005). They help
transmit force produced by the muscle to the bone
(Kirkendall & Garrett, 1997). Optimal mechanical
properties for force transmission are the high tensile
strength, resiliency, stiffness, and number of type II
glycolytic fibers and type I collagen (Doral, Alam,
Bozkurt, Turhan, Atay, Dönmez, and Maffuli., 2010;
Wong and Kiel., 2019). The rigid properties allow for
more efficient transfer of force between the muscle
and bone (Doral et al., 2010). For example, the low
elasticity and high collagen composition allows for
rapid force production (Wong & Kiel., 2019).
One such tendon, Achilles tendon (AT), is
the most powerful tendon in the body (Doral et al.,
2010). According to Edama et al. (2016), the AT
attaches near the calcaneal tuberosity on the
calcaneus, giving cause to its anatomical name, the
calcaneal tendon. The aponeurosis of the
gastrocnemius and soleus conjoin at the low end of
the calf constituting the superior end of the AT
(Doral et al., 2010; Dixon, 2009). When jumping, the
lower calf muscles and the AT go through a stretch
shortening cycle to provide lower body force.
According to (Larsen, 2018), the AT provides a
medium for the force created by the body to be
translated to the ground.
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During loading, the gastrocnemius and
soleus contract as force is applied to the minimally
stretched AT. When the muscles are unable to
contract any more, the AT recoils and pulls on the
calcaneus to produce downward force. According to
Bayliss et al. (2016), the lead jumping leg in athletes
had a superior AT Young’s modulus (ability to resist
changes in length) compared to their lead leg. This
means jump training may lead to physiological
adaptations allowing for jump-trained athletes to be a
more uniform and appropriate group to test than their
more variable non-athlete counterparts. A problem
that is posed is that it is unknown whether the
Achilles tendon length plays a role in vertical jump
Young and Michael (2002) state that Achilles tendon
length (ATL) is determined by genetics. If a
correlation between ATL and vertical jumping ability
is observed, it would both show that Achilles Tendon
length plays a role in jump output and highlight
another way in which genetics can affect jump
performance.
The purpose of this study was to determine
if a relationship between ATL and vertical jumping
ability exists. We hypothesized that athletes with
longer ATL would have a higher vertical jump than
those who have a shorter ATL.

II. Methods
Participants
Twenty-one healthy males aged 18-24 who
are current athletes from The University of Alabama
in Huntsville basketball and track & field teams were
recruited for the study. Athletes with debilitating
injuries were excluded from the study for safety.
Athletes with debilitating injuries were excluded
from the sample because of its negative effect on
jump performance. All participants were instructed to
abstain from exercise for 24 hours prior to testing.
Table 1. Subject Demographics
Variable 
Age (yrs)
Height (cm)
Weight (kg)

Note. Yrs = Years

 M ± SD
19.33 ± 1.39
183.43 ± 7.33
78.48 ± 10.31

Instrumentation
The Vertec, by Sports Imports, was used to
analyze vertical jump height in Spragins Hall. The
Vertec is a measuring tool for jump height that is
used as a tool of reference for taking the difference
between the maximum standing reach and maximum
jumping reach. According to Leard et al. (2007), the
Vertec is highly correlated (r = 0.906) with the
analysis of jump height using a 3-camera motion
analysis system, which is considered the gold
standard.
Achilles Tendon Length Measurement
In adequate lighting, the designated
researcher palpated the superior aspect of the
calcaneus/heel until the insertion of the Achilles
tendon was identified (Del Buono, Chan, & Maffulli,
2013). The identified location was marked at the
most superior point on the calcaneus with a 0.8mm
marker. While researchers pushed against the
subject’s plantar flexed foot, the highest visible point
of the muscle-tendon insertion near the
gastrocnemius was also marked (Del Buono et al.,
2013). The researcher measured the distance between
the two locations in mm. The ATL was measured
bilaterally to ensure a consistent and accurate
measurement.
Maximal Standing Vertical Jump Height
The measurements for vertical jump height
took place on the basketball court or in the
racquetball courts in Spragins Hall. To measure
vertical jump height with the Vertec, standing reach
was first measured in comfortable athletic footwear.
Subjects stood with both feet flat on the ground with
both legs and torso straight. They reached up with a
straight arm, wrist, and hand, and their standing reach
was determined by the highest vane touched without
jumping. Vanes on the Vertec were then raised to
measure jump height. Subjects used the same arm for
standing reach as they did with their jumps.
The subject jumped off two feet straight up
as high as possible, with a straight arm, and tapped
the Vertec device. No shuffle steps, side steps, drop
steps, or gather steps were allowed. Participants made
two jumps, and a third was given if a higher jump
was achieved during the second jump. The standing
vertical jump is the difference, in inches, between the
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standing reach and the jump reach. Only the maximal
vertical jump height was recorded.
Maximal Running Vertical Jump Height
Maximum approach distance was measured
from 15 feet from the Vertec. Starting within the
15-foot range, they took as many steps toward the
Vertec as necessary to acquire a maximum vertical
jump. Everyone was required to start within the
15-foot arc, and each athlete was instructed to
perform the jump with a two-foot takeoff. The
subject completed two vertical jumps. If on the
second attempt, a greater jump height was reached, a
third attempt was awarded. The running vertical jump
height was measured in the same manner as the
standing jump height.
Design and Analysis
This study was a cross-sectional study in
which data collection for every participant involved a
single 10-15-minute session. After recording the data,
a Pearson's correlation was performed to determine
whether a significant relationship existed between
ATL and vertical jumping ability. ATL was divided
by the subject’s height to normalize the data; then a
Pearson’s correlation was performed between the
normalized ATL and vertical jump height.
Significance was set at p ≤ 0.05.

III. Results
A significant moderate-to-large Pearson’s
correlation coefficient was found between ATL and
standing jump (r = 0.433, p = 0.0497). The
correlation between ATL and running jump was
found to be insignificant at (r = 0.284, p = 0.2126).
We also normalized measures by dividing height to
see if relative ATL had a significant relationship with
jump height. A nonsignificant relationship was found
between both normalized ATL and standing jump (r
= 0.408, p = 0.0663) and normalized ATL and
running jump (r = 0.283, p = 0.2145) (Hopkins,
2007).
Table 2. Mean and Standard Deviation for ATL and
Jump Height
Variable 
Avg ATL (mm)
Standing Jump (in)
Running Jump (in)
Normalized ATL

(M ± SD)
219.87 ± 29.31
25.05 ± 3.70
29.64 ± 3.84
8.48 ± 1.16

Note. ATL = Achilles tendon length
Avg = Average
Table 3. Correlations between ATL, Jump Height,
and ATL/Height

Note. ATL = Achilles tendon length *p ≤ 0.05
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Figure 1. ATL vs. Jump Height - Note: ATL = Achilles tendon length


IV. Discussion
The purpose of this study was to determine
whether a relationship between ATL and vertical
jump height exists. The hypothesis of this research
was that a positive correlation existed between ATL
and vertical jump height. This hypothesis was
partially supported. While the relationship between
standing vertical jump height and ATL had a
significant relationship with a moderate-to-large
positive correlation, no significant correlation was
observed with ATL and running jump.
No studies to date have measured resting
ATL and its relationship to vertical jump height.
However, studies have examined tendon elasticity
and stiffness and their relationship to jump height.
Muraoka, Muramatsu, Fukunaga, and Kanehisa
(2005) showed that in individuals with greater
muscular strength, the AT elongated less after equal
loading than individuals with less muscular strength.
At maximum voluntary isometric contraction, there
were no significant differences between training
status and elongation. However, Muraoka et al.
(2005) used isometric force production, rather than
dynamic activities such as jumping, therefore AT
elongation across training status may vary during
isotonic conditions. According to Bayliss et al.
(2016), jumpers exhibited significantly greater
Young’s Modulus and AT stiffness in their jumping


leg than their lead leg. The increase in stiffness and
ability to resist changes in length after repetitive
loads show a morphological training aspect in
relation to jump height. Since all jumps were
executed with a two-foot take off, inter-leg
differences with the ATL and jump performance
could not be assessed. In the current study, ATL was
positively correlated to vertical jump height, but
information about how resting ATL relates to
stiffness, elongation, and force production and how
this ultimately affects jump height is largely
un-researched. Combining Bayliss’ results with the
present study, it can be concluded that both training
and genetic factors affect jump height. Since ATL is
largely based on genetics and Young’s modulus,
which can be improved through training, both have
been shown to be positively correlated with vertical
jump height, supporting the conclusion of the present
study.
According to Tai, Wang, and Peng (2018),
single-leg jumps resulted in greater stiffness and
impulse than two-legged jumps. However,
two-legged jumps still produced a greater force
production and resulted in higher vertical jumps.
Kirby, McBride, Haines, and Dayne (2011), analyzed
squat depth and its relation to vertical jump height.
They found that net vertical impulse was positively
correlated to jump height in all squat depths studied.
Squat depth in the present study was unaccounted for
and may have affected the results. According to
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Domire and Challis (2007), computer models showed
that lower squat depths resulted in greater vertical
displacement due to the longer ground contact time.
However,
recreational
jump-trained
athletes
demonstrated increased displacement at their
preferred squat depth rather than the deeper squat
depth. In athletic settings such as basketball, a lower
ground contact time is optimal due to the nature of
the game. Therefore, the results from Domire and
Challis may be due to the lack of practice of deeper
countermovement and standing jumps.
Limitations
In a perfect setting, ATL measurements
would be taken with an MRI. As the gold standard, it
is far more accurate than a manual palpation of
muscle insertion point (Chang & Miller, 2009).
Manual palpation has been recognized as a reliable
measurement, but has not been validated (Hansen,
Barfod, & Kristensen, 2017). Due to the expensive
nature of the MRI, it was not feasible to run one
subject through an MRI, let alone 21 participants.
Another limitation experienced was the
overall n-size of subjects. According to G-Power 3.1,
an n-size of 333 would give more power to our study
with β = 0.80 reducing the effect of outlier points
(Faul, Erdfelder, Lang, & Buchner, 2007). Despite
this study only involving 21 participants, it was an
initial pilot investigation worthy of being expanded
into a larger N-size.
An additional limitation was requiring
participants to jump off of two feet. The reason they
were required to jump off two-feet was to standardize
the methods. Since a two-foot takeoff was required,
both ATL measurements were taken. However, some
participants prefer to conduct their running vertical
off of one leg since that is what they have done
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throughout their athletic career or they are able to
achieve a higher vertical jump off of one leg.
Future Directions
Future research could focus on comparing
the manual ATL measurement with the gold standard
for tendon imaging: MRI. Comparing ATL taken
with an MRI to manual methods will help determine
whether the measurements taken by the researchers
are valid, in addition to highly reliable measurements.
Future studies could compare AT
biomechanical properties such as Young’s modulus,
tendon stiffness, and changes in tendon length with
resting ATL. With this information, there will be a
better understanding of how the resting ATL
compares with changes in ATL during loading, force
production, and vertical jump height.
Finally, future studies can compare ATL
with 1-leg and 2-leg running jumps. This will allow
for a more inclusive study which accounts for jump
preference,
training
history,
and
varying
biomechanical properties, such as young’s modulus.

V. Conclusion
We found that resting ATL and vertical
jump height share a significant relationship during
maximal standing vertical jump. Although the
measurements were taken with reliable methodology,
it is unknown whether the manual measurement is
valid. This research will potentially provide more
insight into the abilities of the AT and its relation to
vertical
jump
height.
Furthermore,
ATL
measurements may be useful as an evaluation tool to
estimate the jump potential of athletes.
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